Young and older adults experience benefits in attention and memory for emotional compared to neutral information, but this memory benefit is greatly diminished in Alzheimer's disease (AD). Little is known about whether this impairment arises early or late in the time course between healthy aging and AD. This study compared memory for positive, negative, and neutral items with neutral backgrounds between patients with mild cognitive impairment (MCI) and healthy older adults. We also used a divided attention condition in older adults as a possible model for the deficits observed in MCI patients. Results showed a similar pattern of selective memory for emotional items while forgetting their backgrounds in older adults and MCI patients, but MCI patients had poorer memory overall. Dividing attention during encoding disproportionately reduced memory for backgrounds (versus items) relative to a full attention condition. Participants performing in the lower half on the divided attention task qualitatively and quantitatively mirrored the results in MCI patients. Exploratory analyses comparing lower-and higher-performing MCI patients showed that only higher-performing MCI patients had the characteristic scene memory pattern observed in healthy older adults. Together, these results suggest that the effects of emotion on memory are relatively well preserved for patients with MCI, although emotional memory patterns may start to be altered once memory deficits become more pronounced.
Introduction
While the typical belief is that memory declines with advancing age, memory for emotional information often remains relatively well preserved across the lifespan (Hess, 2005; Mather and Carstensen, 2005; Park et al., 2002) . A wealth of evidence has shown that younger and older adults preferentially attend to emotional information and also subsequently remember it better than neutral information (Denburg et al., 2003; Leclerc and Kensinger, 2008; Otani et al., 2007 ; reviewed by Murphy and Isaacowitz (2008) ). In contrast, emotion does not convey the same benefits upon memory in those with moderate to severe stages of Alzheimer's disease (AD); patients with AD retain very little neutral (reviewed by McKhann et al. (2011)) or emotional information (reviews by Klein-Koerkamp et al. (2012) and Waring and Kensinger (2010) ). However, the trajectory of this decline is unclear; it raises questions about the point in the disease course when the emotional enhancement in memory dissipates.
There are still many questions remaining about the characterization of Mild Cognitive Impairment (MCI), preceding a diagnosis of AD. MCI as a clinical condition has not been researched to nearly the same extent as AD. The limited research about emotional memory in MCI has provided disparate findings and left a number of questions remaining. The extent to which the enhancing effect of emotional enhancement on memory is preserved in MCI is unclear-does it dissipate early in the disease progression at the same rate as overall memory decline, or is emotional enhancement in memory relatively well preserved? Some studies of working memory for emotional images have revealed a negativity bias in the memories of MCI patients (but the negative items were also more arousing than positive items, making it impossible to attribute these differences to valence (how positive or negative) alone (Dohnel et al., 2008 (Dohnel et al., , 2007 ). Another investigation of MCI patients' recognition memory for emotional and neutral IAPS images showed higher true recognition and false alarms for negative compared to positive or neutral images, and also that dividing attention did not impact discrimination ability (Sava et al., 2016) . In other studies MCI patients have shown a memory benefit for positive or negative words (Brueckner and Moritz, 2009; Callahan et al., 2016) , but impaired memory for faces studied with emotional expressions (Wang et al., 2013; Werheid et al., 2010) . A recent study examined recall and recognition memory for a short series of emotional pictures (8 of each positive, negative, neutral) in healthy older adults, MCI, and patients with unspecified diagnosis of 'dementia' (Gorenc-Mahmutaj et al., 2015) . The authors reported comparable delayed recognition for positive and negative pictures in healthy older adults and MCI, but better memory for positive than negative pictures in patients with dementia. Given the small number of studies and differences in diagnostic testing measures reported, it is difficult to draw conclusions about the extent of impairment or preservation in emotional memory ability in MCI from the existing literature. The disparate findings among the few studies of emotional memory in MCI may be due to differences between task design, stimuli, or degree of impairment among participants (Klein-Koerkamp et al., 2012) . Further investigation of the extent of impairment and preservation of selective emotional memory enhancement in MCI can increase our understanding of the course and extent of functional deficits resulting from early AD pathophysiological changes.
The effects of attention and encoding-related phenomena upon subsequent memory are a particularly important area to investigate in patients with MCI because the attention deficits observed in MCI parallel those of healthy older adults: namely, difficulty ignoring or suppressing irrelevant information (Gazzaley and D'Esposito, 2007; Hasher and Zacks, 1988) . Previous studies have shown that dividing attention resources during encoding of emotional information is one factor that can quantitatively and qualitatively affect contents of memory in young adults (Clark-Foos and Marsh, 2008; Kern et al., 2005) , and older adults (Mather and Knight, 2005: expt 3) . Stimuli with emotional arousal increase the difficulty of working memory tasks because they bias attention away from less arousing information also competing for processing resources (Mather and Sutherland, 2011) . There is strong evidence for progressive decline in attention processing abilities from healthy aging into MCI; patients with MCI have more difficulties in tasks requiring divided attention than healthy older adults (Okonkwo et al., 2008) . These studies provide further evidence that initial attention and encoding phase processes play an important role in subsequent memory in healthy and pathological aging. Notably, older adults with normal cognition often have AD neuropathology while remaining presymptomatic of AD for years (Morris et al., 1996) , so examining the breakdown in attention and encoding processes with the onset of MCI may provide information about the earliest behavioral changes in older adults that signal advancing underlying pathology.
The first goal of this study was to examine the early effects of the AD pathophysiological process compared to healthy aging on the type of information retained from emotional scenes. To address this goal, healthy older adults and patients with a mild degree of AD pathophysiological change (psychometrically fitting clinical criteria for MCI; Sperling et al., 2011) viewed photographic visual scenes containing positive, negative, or neutral items within a neutral background context. It seemed likely that although early AD pathophysiological changes cause mild memory loss, the relative preservation of brain regions vital for emotion processing (Apostolova and Thompson, 2008; Whitwell et al., 2007) would allow emotional information to retain a higher degree of salience in memory than neutral information. Consequently, we expected that MCI patients would demonstrate selective memory for emotional items in scenes similar to that of healthy older adults.
The second goal of this study was to examine whether dividing the attention of older adults could serve as a model for the memory patterns present in MCI patients granting full attention to encoding. To address this goal, an additional group of older adults encoded emotional and neutral scenes under divided attention. We hypothesized that dividing attention while encoding emotional scenes may not impair encoding of emotionally salient items, but would particularly inhibit older adults' ability to successfully encode background scene information. The disruption of early attention processes in older adults may provide a model of the pattern of results naturally developing in MCI patients, leading to similar memory patterns between older adults with divided attention and MCI patients. There is a growing body of research about MCI patients' memory for neutral information, but still little examining emotional memory in MCI. This research advances knowledge about the earliest effects of the AD pathophysiological process on memory for positive and negative information. Exploratory analyses also examined whether there were differences between higher-and lower-performing MCI patients' memory patterns, to more fully explicate the trajectory of emotional memory changes within the spectrum from healthy aging to the cusp of AD.
Methods

Participants
Participants included 22 patients with a mild degree of AD pathophysiological change, as determined by a neurologist (AEB) or clinical neuropsychologists. 46 healthy older adults approximately matched to the patient sample in age and years of education, (age M=74.4 years, SD=7.0; education M=16.2 years, SD=2.4; 21 men, 25 women). Individuals in the patient group fit criteria for diagnosis of MCI due to AD pathology including 1) concern of a change in cognition over time, 2) impairment in one or more cognitive domains including memory, executive function, attention, language, and visuospatial skills; most commonly presenting with impairment in episodic memory, 3) preservation of independent functional abilities, and 4) not demented (Albert et al., 2011) . Data from four individuals were not included in analyses due to elevated scores on a self-reported measure of depression (GDS > 6), and an additional participant repeatedly fell asleep during the protocol, so the final patient sample included 17 participants (age M =79.5 years, SD=5.7; education M =15.6 years, SD=2.5; 12 men, 5 women).
Patients were recruited from the Bedford, MA Veterans Administration Hospital, Boston University Alzheimer's Disease Center, and a local adult day health program. Older adults were recruited using fliers posted in the community. Individuals were excluded if they reported a history of psychiatric or neurological disorder (other than MCI) at any point over the past 3 years or if they had participated in a study in this research laboratory that used the same stimulus set or task instructions. All participants were native English speakers with normal or corrected to normal vision.
At the time of the study, participants scored within the normal range on measures of depression and anxiety (see Table 1 ). Participants were paid at the rate of $10 per hour, and took 2-2.5 h to complete the study protocol. Written informed consent was obtained from all participants prior to beginning the study, in accordance with the protocols approved by the Institutional Review Boards of Boston College (healthy older adults) or the Boston University Medical Center (MCI patients), and the study was performed in accordance with the standards of the 1964 Declaration of Helsinki.
Materials
The stimulus set included 50 positive, 50 negative, and 50 neutral items and 150 backgrounds. Scenes were created by placing an emotional or neutral item on a background (e.g., a snake by a river). The stimulus set is a subset of the items and backgrounds used in prior studies (Waring and Kensinger, 2009, 2011) . Prior ratings from healthy younger and older adults (using a 7-pt scale) indicated that positive (arousal M =3.12; range 2.57-4.47; SD=.58) and negative items (arousal M =3.29; range 2.00-3.75; SD=.42), were significantly more arousing than neutral items (arousal M =2.25; range 1.07-3.40; SD=.62; F(1,149) > 102.02, p < .0005). An important methodological improvement over our earlier studies investigating emotional scene memory (Waring, Addis, and Kensinger, 2013; Waring and Kensinger, 2009, 2011) is that the sets of positive and negative items were matched for arousal level (F(1,99)=2.27, p=.10), allowing for more direct comparison of the effects of emotion on scene memory. 1 (Stimuli described in further detail in Waring et al. (2013) and Waring and Kensinger (2009, 2011) ).
Procedure
Each participant saw 75 composite scenes (e.g., a chipmunk by a river. See Fig. 1A Healthy older adult participants were divided into two experimental groups. Half of the older adults completed the scene-encoding task while simultaneously performing a second task that served to divide their attention ("divided attention"), and the other half were only asked to perform the scene-encoding task ("full attention"). All MCI participants completed the encoding task in the full attention condition. Healthy older adults entered their responses on a computer keyboard independently, and the experimenter entered responses for the MCI patients to avoid the possibility of impaired performance attributable to difficulty with computer use.
In the full attention condition, participants performed an incidental scene encoding task where they were asked to rate on a 1-7 scale whether they would prefer to approach or retreat from the scene if they were to encounter it in everyday life (1=move extremely close, 4= stay at present location, 7= move extremely far away). (Results and discussion of approach-retreat ratings available in Supplementary information.) The image was visible for 3 s regardless of response time. Scene-viewing procedures were identical in the full and divided attention conditions, and all participants had the opportunity to practice before beginning the task. (See Fig. 1 for schematic of experimental design).
In the divided attention condition (healthy older adults only), prior to the incidental scene-encoding task, participants viewed a numerical value between 17 and 100 for 750 ms. While the scene was visible, participants were asked to mentally subtract 16 from the value and enter their response after the scene was removed from view (See Fig. 1B ). This task was chosen because it required participants to perform a mental operation the whole time the scene was in view, however it did not deliver additional visual or auditory stimulus input while the scene was visible. There were an additional 3 healthy older adult participants in the divided attention condition who were removed from all analyses because of poor performance ( < 33% correct) on the math calculation (final sample older adult math calculation accuracy M =78%, N=23). Following the 3-second scene study phase, divided attention group participants were prompted to first type their numerical response to the mental calculation and then to enter their approach or retreat decision response (See Fig. 1B) .
After a 10-min delay, composite scenes from the study phase were separated into their individual component items and backgrounds for an old/new recognition memory test (see Fig. 1C ). The memory test included 75 old items (25 positive, 25 negative, 25 neutral), 75 old backgrounds (25 had been presented with a positive item, 25 with a negative item, and 25 with a neutral item), as well as 75 'new' (i.e., never studied) items (25 positive, 25 negative, and 25 neutral) and 75 new backgrounds (by definition, all neutral), for a combined total of 300 scene components tested individually. Scene components were counterbalanced across participants for studied versus novel status at test. The orientation (i.e. horizontal or vertical) of each 'old' item presented at test was set to match its orientation in the studied scene. Order of stimulus presentation was varied across participants to J.D. Waring et al. Neuropsychologia 96 (2017) 240-248 minimize effects of fatigue and order. At test, participants had up to 3 s to view each component and up to 7 s to indicate, via key press, whether it was from one of the scenes viewed during the study phase ('old') or had not been previously viewed within a scene ('new'; see Fig. 1C ). There was a short practice test given to ensure participants fully understood the meaning of "old" and "new" scene components. Additionally, for all test items and backgrounds participants were asked to rate their confidence in the accuracy of their memory (1= guessing, 2=sure, 3=very sure; results and discussion of confidence ratings available in Supplementary information).
Results
This investigation had two main goals. First, to examine how the emotional saliency of complex visual scenes affected memory in patients with MCI compared to healthy older adults. Secondly, to examine whether taxing older adults' attention resources during scene encoding could serve as a model for the emotional memory patterns arising in MCI. Exploratory analyses also examined whether there were differences between higher-and lower-performing MCI patients' memory patterns. After characterizing the groups' performance on measure of neuropsychological function, we address the outcome of each of these goals.
Neuropsychological assessments
In order to characterize the sample, participants completed measures of cognition, as well as self-reports of anxiety, depression, and dysexecutive function. ANOVAs between groups (MCI, healthy older adults in full attention condition, healthy older adults in divided attention condition) revealed that MCI patients had significantly poorer performance on all measures of memory, processing speed, verbal fluency, and working memory than healthy older adults (Fs(1,61) > 8.23, ps < .01, all η 2 ρ > .12). However, there were no significant differences between MCI and healthy older adults on selfreported measures of anxiety (Beck Anxiety Inventory; Beck et al., 1988) , depression (Geriatric Depression Scale; Sheikh and Yesavage, 1986) , or dysexecutive function (Dysexecutive Questionnaire; Wilson et al., 1996) (Fs(1,61) < 1.37, ps > .25 all η 2 ρ < .03; reported in Table 1 ). There were no differences on any measures between healthy older adults assigned to the full attention versus divided attention conditions (Fs(1,44) < 3.07, ps > .09, all η 2 ρ < .07).
Full attention: memory for emotional scenes
The primary goal of the study was to examine the effect of emotion on selective scene memory between MCI patients and older adults in the full attention condition. An ANOVA on corrected recognition values (proportion hits-false alarms) with factors of component (items, backgrounds), scene type (positive, negative, neutral), and group (older adults, MCI) revealed a main effect of component (F(1,38) =214.71, p < .0005, η 2 ρ =.85) and an interaction between component and scene type (F(2,37)=6.66, p < .005, η 2 ρ =.27). This interaction emerged because emotional items were remembered better than neutral items (pos > neu t(39)=4.43, p < .0005, Cohen's d=.66; neg > neu t(39)=2.74, p < .01, Cohen's d=.41; pos M=.70, neg M=.68, neu M=.62), while there was no memory advantage for backgrounds that had been paired with emotional items; in fact, these backgrounds were remembered less well (numerically, though not significantly) than backgrounds that had been paired with neutral items (pos < neu t(39)=1.88, p=.07, Cohen's d=.27; neg < neu t(39)=1.50, p=.14, Cohen's d=.28; pos M=.32, neg M=.34, neu M=.38).
A key finding was that there was a main effect of group (F(1,38) =9.14, p < .005, η 2 ρ =.19; older adults M=.57, MCI M=.44), but no interactions with group (Fs < 2.22, ps > .14, all η 2 ρ < .06). These results reflect that older adults had overall better memory for scenes than MCI Fig. 1 . Depiction of experimental design. Schematic of study tasks for full attention (A) and divided attention (B) conditions (between subjects design), and the recognition memory test (C) common to both study conditions. MCI patients only experienced the full attention condition.
J.D. Waring et al. Neuropsychologia 96 (2017) 240-248 patients, but the emotional scene memory pattern did not differ between groups. It established that there was enhanced memory for positive and negative emotional items compared to neutral items in MCI patients as well as healthy older adults (uncorrected raw recognition and false alarm counts presented in Table 2 ; results and discussion of response bias available in Supplementary information).
Effects of reducing attention resources on memory for emotional scenes
The second goal of this study was to examine whether taxing older adults' attention resources during scene encoding could serve as a model for the MCI patients' general memory impairment and if dividing attention would have selective impact as a function of emotional scene type.
Divided versus full attention at encoding
An ANOVA of healthy older adults' corrected recognition with factors of component (items, backgrounds), scene type (positive, negative, neutral), and condition (full attention, divided attention) was used to determine the effects of dividing attention on memory for emotional scenes. There was a main effect of component (F(1,44 (F(1,44) =4.11, p < .05, η 2 ρ =.09) reflecting poorer memory for backgrounds in the divided attention (M=.37) than full attention condition (M=.43), but comparable memory for items in both conditions (Ms=.72). There were no significant interactions between factors of scene type and condition (Fs < 1), indicating that although dividing attention at encoding reduced memory for backgrounds generally, the effects did not differ as a function of emotional scene type (See Fig. 2 ).
Healthy older adults with divided attention at encoding versus MCI patients
To determine whether dividing healthy older adults' attention during encoding would produce a similar pattern of emotional scene memory as MCI patients, we performed an ANOVA on corrected recognition values with factors of component (item, background), scene type (positive, negative, neutral) and group (older adults divided attention, MCI full attention). As in prior analyses, the results showed a significant main effect of component (F(1,38) =310.26, p < .0005, η 2 ρ =.89) qualified by an interaction between component and scene type (F(2,37)=6.91, p=.003, η 2 ρ =.27; see Fig. 2 ). As also observed in the analysis comparing MCI patients to older adults with full attention, there was a main effect of group (F(1,38)=6.45,p=.02, η 2 ρ =.15; older adults divided attention M=.54, MCI M=.44), indicating that MCI patients were significantly impaired in their memory accuracy, but memory impairment did not alter the pattern of emotional scene memory from that of healthy older adults (for all interactions with group Fs < 1).
To test whether the divided attention condition would more closely approximate MCI in the individuals who found the divided attention task most challenging, we conducted exploratory analyses comparing scene memory between healthy older adults whose math calculation accuracy was in the lower half of the sample (N=11, < 85% correct) versus the MCI patient sample. As in previous analyses, we computed an ANOVA on corrected recognition values with factors of component (item, background), scene type (positive, negative, neutral), and group (older adults divided attention, MCI full attention). In contrast to analyses employing the entire divided attention group, there was no main effect of group (F(1,26) < 1, p=.51, η 2 ρ =.01). MCI patients' scene memory performance did not differ from the subgroup of healthy older adults who had the most difficulty accurately completing in the divided attention condition (i.e., lowest math calculation scores). There were also no interactions with the factor of groups (Fs < .5). There was a main effect of component (F(1,26)=224.81, p < .0005, η 2 ρ =.90) and interaction between component and scene type (F(2,25)=4.73, p < .05, η 2 ρ =.27), as also described previously. Moreover, there was no correlation between math calculation accuracy and overall corrected recognition rate (hits-FAs) in the divided attention group (r(21)=.26, p=.23). It is also important to point out that there were no significant differences on any neuropsychological measures between the individuals who had higher versus lower accuracy on the divided attention math calculation (for measures see Table 1 ; all Fs(1,22) < 3.76, ps > .07, η 2 ρ < .15). J.D. Waring et al. Neuropsychologia 96 (2017) 240-248 
Comparison of higher and lower performing MCI patients
To understand whether there was a uniform pattern in emotional scene memory among the MCI patients or whether effects differed as a function of overall memory ability, we conducted exploratory analyses of differences between higher and lower performing MCI patients, as determined using a median split of corrected recognition scores (hitsfalse alarms; split at M=.40) for overall task performance, agnostic to the specific composition of memory.
2 This created a subgroup of higher performers (n=8; 3 female, 5 male) and a subgroup of lower performers (n=9; 2 female, 7 male); age did not differ between these two subgroups (t < 1). An ANOVA of corrected recognition values with factors of component (item, background), valence (positive, negative, neutral), and group (higher, lower performers) revealed a main effect of component (F(1,15) =104.99, p < .0005, η 2 ρ =.88), and interaction between component and valence (F(2,30) =4.32, p=.02, η 2 ρ =.22), reflecting that, as a group, MCI patients showed the normal pattern of better memory for positive and negative items relative to neutral items, and poorer memory for backgrounds that had been paired with positive and negative items relative to neutral (as described earlier in results). The 3-way interaction among these factors had a medium-large effect size (F(2,30) 2.91, p=.07, η 2 ρ =.16). Higher performing MCI patients remembered negative items (M=.79) and positive items (M=.77) better than neutral items (M=.69), as reflected in their large and medium effect sizes, respectively (neg > neu t(7)=2.29, p=.056, Cohen's d=.79; pos > neu t(7)=1.57, p=.16, Cohen's d=.63), yet low performing MCI patients remembered only positive items (M=.54) better than neutral items (M=.48; pos > neu t(8)=2.34, p < .05, Cohen's d=.91; neg M=.47; neg v neu t(8) < 1, Cohen's d=.10). Higher performing MCI patients also had poorer memory for backgrounds from positive (M=.27) and negative scenes (M=.35) than neutral scenes (M=.44; pos < neu t(7) =2.71, p=.03, Cohen's d=.94; neg < neu t(7)=2.68, p=.03, Cohen's d=.92), but low performing MCI patients did not show the same decrement in memory for backgrounds from emotional scenes (pos M=.18, neg M=.20, neu M=.17; ts < .5, Cohen's d's < .20. See Fig. 3 ). Plainly stated, the higher-performing MCI patients had enhancement in memory for positive and negative items relative to neutral and also poorer memory for backgrounds from positive and negative scenes than neutral scenes, while the lower-performing MCI patients had only better memory for positive than neutral items. The main effect of group (F(1,15) =31.67, p < .0005, η 2 ρ =.68) mirrors the split that assigned membership to higher versus lower performing MCI groups.
Discussion
To our knowledge, this is the first study examining selective memory for emotional scenes in patients with MCI (but see GorencMahmutaj et al. (2015) and Sava et al. (2016) ) for memory for complete emotional images in patients with MCI or dementia). The primary goal of the study was to examine the effect of emotion on selective scene memory between MCI patients and healthy older adults. Results showed that there was a similar pattern of emotional scene memory between groups, despite poorer overall memory in MCI patients. Results of the second goal of this study showed that dividing attention during encoding disproportionately reduced memory for backgrounds (versus items), when compared to encoding with full attention. Dividing attention did not uniformly serve as a reliable model for the MCI patients' broader memory impairment pattern. However, the older adults whose math calculation accuracy was in the lower half of the divided attention group showed no quantitative or qualitative difference in scene memory from the MCI patients, suggesting that sufficiently taxing attentional resources during encoding can model emotional scene memory in MCI patients. Exploratory analyses comparing lower-and higher-performing MCI patients revealed that scene memory differed as a function of overall memory ability; only the higher performing MCI patients demonstrated the characteristic pattern of selective emotional scene memory.
Selective memory for emotional items
Results showed that MCI patients, as well as healthy older adults, have enhanced memory for emotional items compared to neutral items. For MCI patients, like the healthy older adult participants, memory enhancement was selective to the emotional item within a scene and did not extend to a benefit in memory for the background paired with the emotional item. These results suggest that although overall memory performance is poorer in patients with MCI (as would be expected with this condition), their pattern of memory for visual scenes containing emotional components generally resembles that of healthy older adults.
In the present dataset, although there was a numerical detriment to memory for the backgrounds paired with emotional compared to neutral items, this difference did not always reach significance. This weaker effect of emotion on background memory may be related to the fact that, because the present study matched the arousal level of positive and negative items (see methods), this required removal of the most arousing negative items. Consequently, the set of positive items is similar to 'positive higher-arousal' items in our past investigations, while the set of negative items is similar to 'negative lower-arousal' items in our past investigations (Waring and Kensinger, 2009 ). The present results generally replicate those of Waring and Kensinger (2009) for comparable stimuli and study-test delay interval (Fig. 2B , comparing positive-high arousal and negative-low arousal bars). In a broader sense, these results contribute to the literature of preserved emotion processing in late life, and memory preferences for positive information in healthy older adults (reviewed by Reed, Chan, and Mikels, 2014) , and individuals with MCI (Callahan et al., 2016; Gorenc-Mahmutaj et al., 2015; Leal et al., 2016) .
Dividing attention during encoding as a model for MCI
Taxing the attention resources of older adults by dividing their attention during scene encoding did not mitigate the enhancement in memory for emotional items, nor did it significantly affect overall levels of item memory. Instead, dividing attention during encoding selectively reduced memory accuracy for backgrounds. These results may indicate that encoding of items is a relatively easier or more automatic process for older adults, while encoding background contexts is a more controlled process, requiring additional mental resources (Gazzaley, 2011) . Thus, when attention is divided there is a general item- Fig. 3 . Comparison of memory for emotional scenes between higher-and lower-performing MCI patients. Comparison of memory for items and backgrounds by emotional valence between higher-performing (MCI High) and lower-performing MCI patients (MCI Low). Emotional valence of backgrounds refers to the valence of the item it was paired with during encoding phase.
processing bias, with available resources prioritized toward item encoding, regardless of valence (Chee et al., 2006; Gutchess et al., 2007) .
Importantly, because the scene-encoding task was constant between the two attention conditions, memory differences between the full and divided attention conditions cannot be attributed to instructions encouraging a shift in visual focus within the scene or competing sensory (e.g., auditory) information. Rather, the working memory resources occupied by the divided attention task (mental math calculation) may have taxed the limited capacity of attention resources (Baddeley, 2000) such that available resources could only be allocated toward encoding one portion of the scene. Alternatively, it is possible that items can be remembered with limited post-encoding elaborative processes whereas successfully remembering backgrounds requires greater elaboration. Performing the math calculations during the time interval after the scene was removed from view may have interrupted the elaborative processing necessary for successful encoding of backgrounds (Anderson et al., 2000; Ritchey et al., 2011) .
The present study suggests that dividing the attention of older adults at encoding can provide a model for MCI in individuals whose attentional resources are sufficiently taxed by a simultaneous secondary task. When examining the divided attention group as a whole, results were essentially identical whether comparing MCI patients to older adults with full or divided attention during encoding. However, closer inspection of scene memory the older adults whose math calculation accuracy was in the lower half of the divided attention group showed no quantitative or qualitative difference in scene memory from the MCI patients. Evaluation of performance on neuropsychological measures between individuals with higher and lower math calculation accuracy on the divided attention task confirmed that calculation accuracy is not merely a proxy for dividing the sample by overall cognitive ability. There was also no correlation between calculation accuracy and emotional scene memory. One would predict a positive relationship between these factors if there were individuals with greater cognitive abilities as evidenced in both greater math accuracy and task performance. Moreover, if participants had merely compromised math accuracy in favor of the encoding task, one would predict a negative relationship between these factors; e.g., memory increases as math accuracy decreases. This was not observed in the current sample.
Results showed that completing a rapid math calculation concurrent with a scene encoding task was sufficiently taxing for many of the individuals in the divided attention condition (indeed, anecdotal reports during debriefing confirmed many participants found the task demanding). When completing a concurrent divided attention task at encoding, healthy older adults' emotional scene memory can be attenuated to the level of MCI patients. This suggests that reduced attentional deployment at encoding may account, at least partially, for the recognition memory deficits in MCI. Others have shown that memory impairments can be explained by impairments in attention processing, which limits efficient memory encoding, and leads to downstream deficits in memory retrieval (Balota and Faust, 2001; Castel et al., 2009; Hedden et al., 2012) . However, we cannot preclude the possibility that ineffective post-encoding elaboration or consolidation processes also play a role in reduced memory performance in MCI patients.
Relation between memory impairment and emotional enhancement of memory
The results of this study may better situate MCI on the spectrum between healthy aging and AD. AD patients experience severe impairments in overall memory accuracy and most laboratory evidence has shown they are also largely unable to experience recognition memory enhancement for emotional information ( Hamann et al., 2000; Kensinger et al., , 2002 Landre et al., 2013; Perrin et al., 2012 , but see Borg et al., 2011 Gallo et al., 2010) . Studies that have demonstrated any degree of emotional memory enhancement in AD patients have required very deep and elaborative encoding or cued retrieval procedures (reviewed by KleinKoerkamp et al., 2012; Sava et al., 2015) . Past investigation of the neural mechanisms underlying loss of emotional enhancement in memory in patients with mild AD has elucidated that greater loss of emotional enhancement in memory correlates with amygdalar and hippocampal volume loss (Landre et al., 2013) .
In the present study, we observed that despite poorer memory accuracy overall in the MCI patients, differences in the pattern of their emotional scene memory occurred only within the poorest-performing MCI patients. The characteristic enhancement of memory for emotional items, and simultaneous decrement in memory for backgrounds from scenes containing emotional items (compared to neutral), was apparent in the higher performing MCI patients. Thus, the higher performing MCI patients' pattern of selective emotional scene memory is similar to that of healthy older adults, while lower performing MCI patients' emotional memory patterns may resemble the more substantial emotional memory deficits of AD patients. These results suggest that changes in the pattern of emotional scene memory develop along with broader decline in memory. Volumetric measurement has shown that, after considering hippocampal atrophy, regional volume losses within fusiform and inferior and middle temporal gyri have the highest predictive value for transition from healthy aging to MCI (Apostolova and Thompson, 2008 ) so emotional memory deficits may not appear until there is more extensive involvement of frontal regions as well as more posterior perceptual processing regions (Perry and Hodges, 1999) .
The literature demonstrating relatively better preservation of frontal than posterior brain regions in aging and AD pathology provides a possible mechanistic explanation for results of the present study. Prefrontal activation and network connectivity is best preserved and functions compensatorily for deficits in the aging brain (Davis, Dennis, Daselaar, Fleck, and Cabeza, 2008; Grady, 2008; Park and Reuter-Lorenz, 2009 ). Prefrontal activation also preferentially supports encoding of positive images, while posterior regions support encoding of negative images (Kensinger and Schacter, 2008; Mickley and Kensinger, 2008) . Moreover, structural and functional evidence from past studies demonstrate that the earliest and heaviest AD pathological burden develops within temporal and parietal lobes, while the prefrontal cortex remains relatively preserved until later disease stages (Perry and Hodges, 1999) . Taken together, previous findings suggest a likely mechanism for the pattern of results observed in the present study. Selective preservation of memory enhancement for positive items in the lower performing MCI patients follows from evidence that frontal regions are relatively more resistant to early MCI pathology and also support encoding of positive images.
Limitations and future directions
One limitation of this study was that neuroimaging evidence was not available to further elucidate the neural mechanisms underlying the observed effects of MCI and divided attention on emotional scene memory. Identifying the relationship between task performance and structural measures of grey matter volume or white matter path integrity would further clarify the relationship between MCI-related brain changes and memory performance. Moreover, functional neuroimaging of task performance would provide a more complete picture of how older adults with divided attention and MCI patients may be recruiting additional resources to fulfill task demands, relative to healthy older adults with full attention at encoding. These are intriguing possibilities for future research.
Another limitation of this study is the small patient sample size, which may have limited power to detect differences between groups.
Because no prior study had examined selective emotional memory in an MCI or AD patient sample, we had limited basis for conducting an a priori power analysis to determine sample size. We considered prior research that observed main and interactive effects of group on emotional scene memory (Waring et al., 2013; Waring and Kensinger, 2009 ) and effects of AD on memory for emotional pictures (Chainay et al., 2014; Landre et al., 2013; Perrin et al., 2012) , and chose a sample size that was comparable or slightly larger than in these prior studies. The patient sample size was limited due to diligence to obtain a well-characterized amnestic MCI sample (excluding frank Alzheimer's disease, multi-domain MCI, or signs of clinically meaningful depression). Even with a small patient sample we observed the hypothesized main effect of memory differences between the full attention older adult and MCI patient groups. Nevertheless, null effects should be interpreted with caution because the sample may have been underpowered to detect such effects, e.g., interactions.
3 Future studies that enroll larger patient samples may permit broader conclusions about how emotional scene memory presents in individuals across a spectrum of late life cognitive impairments. Additional possible future directions are to modulate the study-test delay interval to interrogate the impact of emotion on memory consolidation in MCI patients (see Sava et al., 2015) . As described above, we cannot exclude the possibility that ineffective post-encoding elaboration or consolidation processes play a role in reduced memory performance in MCI patients, so varying the amount of consolidation time could further clarify the impact of elaboration and consolidation on subsequent memory (Waring and Kensinger, 2009 ).
Lastly, our study was limited to testing recognition memory for details from emotional scenes, although testing memory for gist as well as detail memory may provide more information about how emotional information influences memory strength. Moreover, examining recall in addition to recognition could further probe the nuances of memory decline in healthy older adults and MCI patients. A recent study reported that individuals with below-average episodic memory preferentially recalled the gist of positive stories relative to individuals with above-average episodic memory, although this effect did not extend to memory for story details (Leal et al., 2016) . This raises the question of whether the patterns of emotional scene memory in healthy older adults and MCI patients would appear to differ if recall or gist were assessed as well as recognition of specific scene items and backgrounds. There may be subtle variations in memory as a function of the methodology applied. This is an intriguing question for future investigations.
Conclusions
The results of the present study, taken together with the existing literature, suggest that emotional enhancement in memory is relatively well preserved for patients with mild MCI, but emotional memory patterns may become altered once memory deficits are more pronounced. Although patients with MCI had poorer accuracy overall than older adults -even those older adults with divided attention during scene encoding-higher performing MCI patients showed a similar pattern of memory performance as the healthy older adults; they selectively remembered emotional items from complex visual scenes. These results better situate the development of impaired memory for emotional materials on the spectrum from healthy aging to AD.
